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(57) Abstract: Seal apparatus for sealing about a fracturable tube, includes a ferrule (30) with an axial bore (32) to receive a tube, 
and a longitudinally bored outer component (20) having a cavity (24) to co-axially receive the ferrule. The ferrule has an external 
surface (35) that tapers to a tip region (36) defining one axial end of the ferrule. The cavity has a peripheral wall (25) that tapers with 
a steeper taper angle than the tapered surface of the ferrule, to a cross section smaller than the tip of the ferrule. The cross-section 
of the tip region and the relative taper angles and hardnesses of the tapered surface and the tapered wall are selected whereby, on 
relatively drawing the tapered wall of the outer component cavity onto the tapered surface of the ferrule, the tip region is deformed 
for scaling gripping a protectively coated fracturable tube traversing the bore of the ferrule, without fracturing the tube 
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FERRULE SEAL 

Field of the Invention 

This invention relates generally to the sealing of fittings about fracturable 
tubes and as such is of particular, though not exclusive, interest in the sealing of 
5 fittings about fused silica capillary tubing in gas and liquid chromatography. The 
invention is also applicable to the sealing of fittings for optical fibres. 

Background Art 

The analytical techniques of gas and liquid chromatography and mass 
spectrometry are achieved with instruments which may be operated at elevated 

10 temperatures and relatively high pressure or even vacuum. Fused silica capillary 
tubing may be an integral component of such instruments, especially for providing 
separation columns. Commonly for gas chromatography, and in some 
circumstances for liquid chromatography, separation columns comprise fused 
silica capillary tubing. There are typically an inlet and an outlet end to this 

15 separation column. Fused silica tubing is also used for transfer tubing in a variety 
of analytical chemistry applications. 

The sample to be analysed by gas chromatography is introduced into the 
inlet end of the separation column and carried through the column by a carrier gas 
which is necessarily of high purity. To retain the sample to be analysed in the gas 

20 phase, it is usually necessary to heat the column to an elevated temperature. The 
inlet end of the column is usually above atmospheric pressure to allow the gas to 
be forced through the column. Consequently, the connection at the inlet end of the 
column needs to be gastight so as not to allow leakage from the column or 
introduce contamination into the column. The outlet end of the column can be 

25 connected to a number of devices, usually a detection device of some sort, and 
can also be the inlet of another column. The outlet end of the column may be at, 
below or above atmospheric pressure. The connection at the outlet end of the 
column will also be gastight to avoid introduction of contamination or leakage. 
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To seal the column at both inlet and outlet ends, conventional fittings 
employ ferrules that deform onto the outside of the column to make a substantially 
leaktight seal with the column as well as with the fitting, thereby forming a seal 
against the outside atmosphere. 

5 A sealing system of general application to fittings for tubing systems is the 

Swagelok tube fitting available from the Crawford Fitting Company. In this system, 
a threaded driving component is rotated to push a metal ferrule, with a conical tip, 
into a surrounding component with a cavity of matching taper angle. The ferrule 
thereby bites into the tube being sealed: if applied to a fracturable tube such as a 
10 fusica silica tube, this seal assembly will promptly break the tube. 

Historically, when capillary columns were metal tubes, various types of 
ferrules were used including metal ferrules. Glass columns were then introduced 
and soft materials were required as the ferrule material. These soft materials 
initially included silicone rubber and teflon, and in some rare instances lead, and 

15 then subsequently graphite became the usual material. In 1979, fused silica 
capillary columns were introduced. These involved a very high purity form of glass 
with an exterior coating of a polymer, usually a polyimide or a thin metal to protect 
the fused silica from being damaged. Because the column material was still a 
glass that could easily be broken, ferrule materials that remained in use with fused 

20 silica columns were either graphite or Vespel (trade mark), or Vespel incorporating 
a significant percentage of graphite to make the ferrule softer. All of these types 
were designed to readily deform to the shape of the column tube. 

Both graphite and the various types of vespel ferrules have recognised 
deficiencies. Graphite ferrules are permeable to oxygen which causes problems 

25 with detectors and damage to capillary columns. Furthermore graphite is an 
extremely absorptive material and will absorb sample constituents that are being 
analysed in the chromatographic system that it comes in contact with. The ferrule 
should not normally come in contact with sample components but it is recognised 
as a problem that pieces of graphite can become detached or extrude into parts of 

30 the chromatographic system thus destroying the integrity of the chromatographic 
separation. 




WO 01/73338 



PCT/AU00/01256 



10 



15 



i 

20 



3 

Whenever a capillary column is inserted through a graphite or vespel ferrule 
to make a connection, a section of the column must be cut off in case there are 
particles of ferrule material around the end of the column. 

The main problem with vesper and graphite-impregnated vespel ferrules is 
that after an initial leaktight seal is made and the chromatographic system is 
heated, as is required in chromatographic analysis, and then the system is cooled 
down in preparation for the next analysis, the vespel ferrule develops substantial 
leaks necessitating the retightening of the fitting to reestablish the leaktight seal. 
On subsequent temperature cycles a leak may or may not develop. 

The thermal coefficients of expansion of vespel materials are significantly 
higher than those of the metal components encapsulating them. This puts the 
ferrule under significant compression causing it to creep dimensionally. As the 
fitting system is cooled the vespel ferrule contracts more than the metal fitting 
encapsulating it which causes gaps and leakage paths to be formed. 

Attempts to address this problem are disclosed in US patents 4991883 and 
5234235 and include spring-loaded self-compensating ferrules. 

These various deficiencies of existing graphite and vespel ferrule systems 
have diminished the reliability of chromatography systems, leading to 
compromised performance as well as non-productive time in rectifying the faults. 
In addition, damage to components in the systems regularly occur when operators 
apply excessive force to fittings in efforts to eliminate leaks. 

It is therefore an objective of the present invention to provide an improved 
seal assembly for sealing about a fracturable tube such as a tube of glass or 
fused silica that at least partially alleviates the aforementioned problems. 



Summary of the Invention 



The invention entails an appreciation that, by appropriate balancing of 
interrelated parameters of a ferrule and an outer component for deforming the 
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ferrule, and taking account of the coating typically found on fracturable tubes s[ ] 
as capillary column tubes, it is possible, in a preferred embodiment of the 
invention, to revert to a metal ferrule and to at least in part alleviate the problems 
encountered with existing graphite and vespel ferrule systems. 

5 The invention accordingly provides seal apparatus for sealing about a 

fracturable tube, including a ferrule with an axial bore to receive a tube, and a 
longitudinally bored outer component having a cavity to co-axially receive the 
ferrule. The ferrule has an external surface that tapers to a tip region defining one 
axial end of the ferrule. The cavity has a peripheral wall that tapers with a steeper 

10 taper angle than the tapered surface of the ferrule, to a cross section smaller than 
the tip of the ferrule. The cross-section of the tip region and the relative taper 
angles and hardnesses of the tapered surface and the tapered wall are selected 
whereby, on relatively drawing the tapered wall of the outer component cavity onto 
the tapered surface of the ferrule, the tip region is deformed for sealing gripping a 

15 protectively coated fracturable tube traversing the bore of the ferrule, without 
fracturing the tube. 

Preferably, the tapered surface of the ferrule is softer than the tapered wall 




of the outer component cavity. 



Preferably, the materials of the outer component and ferrule are similar but 
20 of differing hardnesses to achieve the result just described. Preferred such 
materials are metal. A particularly advantageous material is stainless steel and it 
is preferred that the same grade of stainless steel be used. To achieve the 
preferred requirement that the ferrule tapered surface is softer than the wall of the 
surrounding cavity of the outer component, the ferrule may be subjected to a 
25 suitable pre-treatment, for example an annealing treatment. 

The ferrule is preferably of annular cross-section, and its tapered surface 
therefore conical in form. The tapered wall is then an inverted cone to match. 



The outer component preferably has an outer surface formation to facilitate 
tool engagement for rotation of the component. The outer component may 
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conveniently include a thread formation for engaging another threaded 
component, whereby relative rotation of the two can effect said drawing action. 

Preferably, the tapered surface of the ferrule and the tapered wail of the 
outer component cavity are treatedto minimise friction in their interengagement 
5 and thereby to also facilitate disengagement. Suitable treatments for this purpose 
include silverplating, or application of a coating of molybdenum disulphide. The 
coating may, for example, be of a thickness 0.5 to 5 micron, typicafly about 1 
micron. 

Preferably, said tip region is rounded at the end of the ferrule. - 

10 Advantageously, the ferrule further includes an annular sealing surface at 

its other axial end which lies in a diametral plain with respect to the axis of the 
system. The sealing of this end surface is preferably enhanced by an integral 
peripheral rib or other land or taper to contact an adjacent fitting and surface. 

The invention further extends to a combination of an assembled seal 
15 apparatus as aforedescribed and a frangible tube traversing the ferrule bore, the 
frangible tube having a protective coating, eg. of thickness 5 to 100 microns. 



The invention will now be further described, by way of example only, with 
reference to the accompanying drawings, in which: 



Brief Description of the Drawings 



20 



Figure 1 is an axial cross-section of seal apparatus as a seal 
assembly according to an embodiment of the invention, shown in 
position on a fused silica tube ready for co-operation with a spigot 
component of a fitting to be sealed by the assembly; 



Figure 2 is an enlargement of a portion of Figure 1 following 
activation of the seal assembly; and 
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• Figure 3 depicts cross-sections of alternative modified ferrules for the 
seal assembly of Figure 1, each having sealing formations on the 
rear angular surface of the ferrule. 



Preferred Embodiments 

5 The illustrated seal assembly 15 includes an outer component in the form 

of an elongated nut 20 with an axial bore 22 and a hexagonal section outer 
surface 21 to facilitate tool engagement. Bore 22 has a threaded counterbore 23 
at one end and, extending between counterbore 23 and the other end, a co-axial 
cavity 24 in part defined by a tapered wall 25 of inverted conical form. The other 
10 principal component of seal assembly 15 is a ferrule 30 with an axial bore 32 and, 
extending over most of its length, an external surface 35 that tapers to a tip region 
36 at one axial end face 38 of the ferrule. Ferrule 30 is of generally annular cross- 
section and so surface 35 is conical in form. The two components are preferably 
formed in stainless steel. 

15 Cavity 25 is dimensioned to receive ferrule 30, while the bore 32 of the 

ferrule 30 is dimensioned to receive a typical fused silica glass tube 10 of the kind 
employed in gas or liquid chromatography. This tube may generally be of diameter 
0.3 to 1.0mm outside diameter and typically has a protective coating 5 to 100 
micron, eg. about 10 micron thick, eg. of metal, silicone or polyimide. The tube is 

20 typically a close but adjustable fit within the ferrule bore: for example a bore of 
0.4mm for standard tube of outside diameter 0.32mm. The bore 22 of nut 20, 
which opens as a short aperture 29 from cavity 25 to the outer end of the nut, is 
somewhat larger in diameter than the tube (eg. twice as large) but smaller than 
the diameter than the tip 38 of the ferrule. 

25 The threaded counterbore 23 of nut 20 provides a socket for a matching 

threaded spigot 42 of a union 40 with which the assembly is to be connected to 
form a fitting, eg an inlet or outlet fitting for a separation column provided by tube 
10 in gas or liquid chromatography instrumentation. 



Generally conical ferrule 30 includes a rear cylindrical portion 31 of larger 
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uniform diameter with a smoothly flat polished end face 37 defining the rear end of 
the ferrule, while the forward end of the ferrule is defined by end face 38 of tip 
region 36. Spigot 42 of union 40 defines an annular end face 43 which, in the fully 
assembled fitting, seals against rear end face 37 of ferrule 30. Cylindrical portion 
5 31 is a close but not interference sliding fit -with a uniform diameter rear portion 27 
of cavity 24. 

Three parameters of nut 20 and ferrule 30 are selected to achieve a 
satisfactory seal without fracturing, ie. either breaking or cracking, the tube 10. 
Firstly, the taper angle of tapered wall 25 of cavity 24 is substantially greater than 

10 the taper angle of conical surface 35, eg. about 1.2 to 1.5 times greater. 
Exemplary included angles for the respective surfaces would be 40-45° and about 
30°. Secondly, although the materials of the ferrule and nut are selected to be the 
same grade of stainless steel, in order to minimise differences in thermal 
expansion coefficients, the material of ferrule 30 and therefore of conical surface 

15 35 is arranged to be substantially softer than that of the nut and therefore of 
surface 25. This can be achieved, for example, by heat treating ferrule 30, and a 
suitable treatment is an annealing treatment to 1100°C. Thirdly, the diameter of 
the end face 38 of tip region 36 is selected to be sufficiently great to ensure the 
integrity of the tip region during deformation by the nut but sufficiently small to 

20 facilitate its deformation in the manner shortly to be described. 

The seal assembly 15 is applied to a tube 10 traversing the ferrule as 
illustrated in Figure 1 by first applying a spanner or other tool to the nut to 
threadingly engage socket 22 with spigot 42. The nut is rotated until spigot end 
face 43 engages the rear face 37 of the ferrule and the tapered wall 25 of cavity 

25 space is relatively drawn onto the smaller end of conical surface 35 at tip region 
36. The aforesaid parameters are selected so that, on further rotation of nut 20, 
the tip region 36 is deformed to sealingly grip the protective coating of tube 1 0 
without fracturing the tube. The protective coating on tube 10 provides a layer into 
which end region 36 of the ferrule may bite and deform without adversely 

30 contacting the surface of the underlying glass material. 
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It i s preferable that during the deformation stage friction between the 
components is minimaf so that the cavity surface of the nut is abte to slide over 
the conical ferrule surface as the tip region deforms. This is facilitated, as is 
disengagement of the components to undo the fitting, by precoating surfaces 25 
5 and 35 eg. by silverplatTfig or with a coating of a smooth-forming anti-friction 
medium such as molybdenum disulphide. Such a coating may be as little as 1 
micron thick. It is also preferable for the circular edge at the front end of tapered 
wall 25 to be rounded in cross-section. 

Figure 2 provides a magnified indication of the outcome of the tightening 
10 process. The frustoconical zone 50 of direct contact between the tapered surfaces 
is a relatively small proportion of the overall length of the surfaces in the axial 
direction, and the sealing zone 52 on the glass tube may be even smaller in axial 
extent. 

It will be appreciated that an additional sealing region for the assembly is 
15 the flat rear surface face 37 in contact with the end face 43 of the spigot 42. 
Exemplary enhancements for improving the sealing between these surfaces are 
shown in Figure 3, ie an annular rib of semi-circular (A) or triangular (B) cross- 
section. Instead of a transverse flat end face, sealing may be effected with a 
conical interface so that the female is tapered or conical at both ends, 

20 It will be understood that an excessive further rotation of nut 20 will 

eventually apply stress to the glass of the tube Itself and cause it to fracture. By 
appropriate selection of the aforementioned parameters, the arrangement may be 
that a large radial turn of the nut can be tolerated from the point the ferrule has 
made a reliable seal onto the glass tube protective coating through to the point the 

25 glass fails due to sufficient distortion of the ferrule so that it is encroaching on the 
glass under the protective coating. By ensuring that this excessive tightening is 
substantial, eg of the order of 180° of turn, one can minimise the risk of accidental 
damage by users through overtightening of the fitting. 

In a modified embodiment (not illustrated), the cavity 24 and its tapered wall 
30 are provided in spigot 42 of the union, and sealing end face 43 in nut 20 at the 
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Claims 



1 Seal apparatus for sealing about a fracturable tube, including: 

a ferrule with an axial bore to receive a tube, which ferrule has an external 
surface that tapers to a tip region defining one axial end of the ferrule; and 

5 a longitudinally bored outer component having a cavity to co-axially receive 

said ferrule, said cavity having a peripheral wall that tapers with a steeper 
taper angle than said tapered surface of the ferrule, to a cross section 
smaller than said tip of the ferrule; 

wherein the cross-section of said tip region and the relative taper angles 
10 and hardnesses of said tapered surface and said tapered wall are selected 

whereby, on relatively drawing the tapered wall of the outer component 
cavity onto the tapered surface of the ferrule, the said tip region is 
deformed for sealing gripping a protectively coated fracturable tube 
traversing the bore of the ferrule, without fracturing the tube. 

15 2 Seal apparatus according to claim 1, wherein the tapered surface of the 
ferrule is softer than the tapered wall of the outer component cavity. 

3 Seal apparatus according to claim 1 or 2, wherein the materials of the outer 
component and ferrule are similar but of differing hardnesses. 

4 Seal apparatus according to claim 1, 2 or 3 wherein the materials of the 
20 outer component and ferrule are metal. 

5 Seal apparatus according to claim 4, wherein said metal is stainless steel. 

6 Seal apparatus according to any preceding claim, wherein the ferrule is 
subjected to a suitable pre-treatment, for example an annealing treatment, 
to make said tapered surface softer than the tapered wall of said cavity. 



25 7 



Seal apparatus according to any preceding claim, wherein the ferrule is of 
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annular cross-section, and its tapered surface therefore conical in form. 

8 Seal apparatus according to any preceding claim, wherein the outer 
component has an outer surface formation to facilitate tool engagement for 
rotation of the component. 

5 9 Seal apparatus according to any preceding claim, wherein the tapered 
surface of the ferrule and/or the tapered wall of the outer component cavity 
are treated to minimise friction in their interengagement and thereby to also 
facilitate disengagement. 

10 Seal apparatus according to claim 9, wherein said treatment is silverplating, 
1 0 or application of a coating of molybdenum disulphide. 

11 Seal apparatus according to any preceding claim, wherein the tip region is 
rounded at the end of the ferrule. 

12 Seal apparatus according to any preceding claim, wherein the ferrule 
further includes an annular sealing surface at its other axial end which lies 

1 5 in a diametral plain with respect to the axis of the system. 

13 Seal apparatus according to any preceding claim, in combination with a 
frangible tube traversing the ferru/e bore, the frangible tube having a 
protective coating. 



14 The combination of claim 13 wherein said protective coating is of thickness 
20 in the range 5 to 1 00 microns. 
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